Introduction: High-intensity laser therapy (HILT) has been used more recently in the therapeutic protocols of pain managements. Adding therapeutic interventions to laser therapy is usual in clinical practice. This study aimed to evaluate the efficacy of HILT and beneficial effects of adding cointerventions to HILT in musculoskeletal pain management. Methods: The following databases were searched up to August 2018: Medline, PubMed, EMBASE, Cochrane, Google Scholar, Springer and ISI. The keywords of pain, HILT, high power laser therapy, laser therapy, photobiomodulation, physical therapy and rehabilitation were searched. The quality of the articles was assessed using the PEDro scale. The primary measure was pain severity expected to be reported in all studies. Effect size was calculated as standardized mean differences divided by the standard deviation of either the treatment or other group. Results: Initially 52 potential studies were found. Eighteen of these studies were excluded based on title and abstract. The full text of 34 remaining articles was screened and 15 of the studies were excluded. All included studies had high quality (PEDro ≥7). Approximately, 94% of included articles (n=18) revealed positive effects of HILT on pain. The effect sizes for HILT and placebo/comparator groups were 0.9-9.11 and 0.21-11.22 respectively. Also, the differences of effect size between two groups were between 0.03 to 5.85. Conclusion: It is early to determine that HILT may be an effective non-invasive agent in the management of musculoskeletal pain, as few studies have shown its clinical efficacy. Adding related co-interventions to HILT may enhance the beneficial effects of laser therapy. The variability of the study methods and outcomes suggests that further long-term follow-up, randomized controlled clinical trials with appropriate methodological design are needed regarding the effectiveness of HILT on pain. 82 comparator groups were 0.9-9.11 and 0.21-11.22, respectively. The values of the effect size according to Cohen classification are: small (0.2-0.5), moderate (0.5www.SID.ir
Introduction
Laser photobiomodulation (PBM) therapy is a non-invasive and painless method of treatment in contemporary physiotherapy which may have both local and systemic effects on the patients. [1] [2] [3] [4] The effect of PBM on tissues depends on such factors as wavelength, irradiation mode (continuous or pulse), pulse duration, pulse time interval, energy fluence, power output and irradiance. 1 PBM stimulates cells including pain receptors in peripheral tissues, the immune system and can cause vasodilation and analgesic effects. So it is widely used to reduce patients' pain. [1] [2] [3] Moreover, laser therapy can stimulate repairs to damaged tissues and peripheral nerves leading to neurological regeneration. 1, 4, 5 Low-power laser (light) therapy (power ≤ 500 mW) can be used to decrease acute and chronic pain, induce recovery of damaged nerves, enhance peripheral circulation and metabolism, and reduce joint inflammation. 2, 5, 6 The effects of low-power laser therapy are photochemical not thermal. In a recent review, Cotler et al concluded that low-power laser therapy is a new cost-effective therapy for musculoskeletal pain, which improves the quality of life and reduces financial strains. 5 High-intensity laser therapy (HILT) has been used more recently in the therapeutic protocols of physiotherapy. 1, 2, 6 The main difference between HILT and low-power laser therapy, is that the more powerful beams (power >500 mW) are irradiated to penetrate deeper, bringing a desired high amount of multi-directional energy to deep tissues in a short time. 2, [6] [7] [8] [9] [10] Also, application techniques, the time of treatment and the cost of the device are different between these two generations of the laser therapy. [11] [12] [13] A recent systematic review indicated that HILT is effective in reducing musculoskeletal pain. 14 Adding therapeutic interventions to laser therapy is usual in clinical practice. 3, [15] [16] [17] [18] [19] Bjordal et al showed that the overall effects of lowpower laser therapy and anti-inflammatory drugs cointerventions, were poorer than those studies without these co-interventions. 20 On the other hand, Santuzzi et al found that the combined treatment of low-level laser therapy and cyclooxygenase-2 may have better effects on wound closure and scar organization. 21 As there are increasing data available regarding the effects of HILT in musculoskeletal injuries, this study was designed to evaluate the literature assessing the influence of adding interventions to HILT on musculoskeletal pain management.
Methods

Search Strategy and Study Selection
The following databases were searched up to august 2018: Medline, PubMed, EMBASE, Cochrane, google scholar, Springer and ISI Web of Science. The search keywords were pain, high-intensity laser therapy, high-power laser therapy, laser therapy, photobiomodulation, physical therapy and rehabilitation.
Two reviewers (KE, AH) independently identified titles and abstracts related to applying HILT to musculoskeletal pain. The inclusion criteria were: 1) randomized clinical trial study 2) reporting visual analogue scale before and after treatment 3) to have minimum two HILT group or HILT plus exercise group and other intervention group 4) language of article was English 5) PEDro scale was ≥ 7.
Quality Assessment
The quality of the articles was assessed using the PEDro scale. The 11-point PEDro scale is considered a reliable and valid assessment tool and is the one most often employed for physical treatments. A score of ≥ 7 is considered to be a study of high methodological quality, while a score of ≤ 5 is considered to be of low methodological quality. 14, 22 The methodological assessment was performed by two independent reviewers (KE, AH) and the results were compared. If there was a disagreement, the reviewers discussed the quality of the articles until they reached a final consensus and if necessary, a third reviewer made the decision (RF).
Data Extraction
Two reviewers (KE, AH) completed data extraction and evaluated the characteristics of the study, including the intervention program, inclusion/exclusion criteria, initial data, and values for the pain outcome before and after treatment and follow-up. The primary measure was pain severity which should be reported in all studies.
Statistical Analysis
Because the pain score was continuous outcome data, means and standard deviations of either group were used to calculate the effect size (ES). ES was calculated as standardized mean differences, which is defined as the differences in pain between two groups divided by the SD of either the control group or treatment group. The difference of effect sizes was calculated via subtraction of ES of the each group to find the more effective interventions 5, 23, 24 : Difference of effect sizes =ES 1 -ES 2
Results
The selection process for including studies in this review is shown in Figure 1 . Initially 52 potential studies were found. Eighteen of these studies were excluded based on title and abstract. The full text of 34 remaining articles was screened and 15 articles were excluded [1] [2] [3] 6, 7, 9, 10, [23] [24] [25] [26] [27] [28] [29] [30] because: the PEDro score of three studies was 6 2,3,28 . Six articles didn't report pain by VAS; it was not possible to estimate ES in two studies 1, 6, 7, 9, 10, 23, 24, 27 ; two studies 29, 30 were case reports; and two studies did not have at least one another group for comparison. 25, 26 Finally, 19 studies (HILT: 11, +other interventions: 8) were included for qualitative and quantitative assessment. [11] [12] [13] [15] [16] [17] 19, [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] The characteristics of all studies in two groups are listed in Table 1 .
Technical parameters of HILT are provided in Table 2 . Although a maximum power of 8000 W was reported in two studies, the average power of the lasers used in the reviewed studies was between 0.6 to 25 W. The majority of the studies (68%) used pulsed laser PBM with energy density varying from 0.25 to 150 J/cm 2 .
All included studies were of high quality (PEDro ≥7) ( Table 3 ). Approximately 94% of the included articles (n=18) revealed positive effects of the HILT on pain.
The effect sizes of the included studies and the differences of the effect sizes are presented in Table 4 . The effect sizes presented are calculated according to the pain outcome. The effect sizes for HILT and placebo/ 0.8), and large (>0.8) [44] [45] [46] [47] meaning that the more the ES, the more the impact of the intervention. 23, 48 According to the present study, the difference in the ES for pain assessment was between 0.03 and 5.85. The difference of the ES in 3 numbers of comparisons were in favour of other groups rather than HILT group (see online Supplementary file 1, Table S1 ). The positive effect of HILT was shown as high ES difference in the 13 trials.
The results of the most to least efficacy of HILT in both groups are indicated in Table 4 . However, in the HILT and exercise group the most effects of HILT were on osteopenia and the least on the Lateral epicondylitis. On the other hand, the most and least effects of HILT with co-interventions were on the chronic back pain and low back with unilateral leg pain respectively (Table 4 ).
Discussion
Musculoskeletal pain is the main cause of the chronic pain in adults. 5 The treatment options for reducing musculoskeletal pain are surgical and non-surgical interventions. 49 The results of this review showed that HILT is widely used in management of chronic pain recently but the laser dosage and power outputs are very different in the patients.
In the first group of classification (HILT and exercise) 4 studies 14, 32, 34, 35 were about spinal pain which were matched to another group. [16] [17] [18] 20 The average of the effect size differences was higher in the first group (1/08) for spinal pain patients. In contrast, the effect size in second group of studies was higher for knee pain patients. Other diseases in both groups were not the same e.g. the plantar fasciitis was surveyed in the first group 13 or the Juvenile rheumatoid arthritis was evaluated in second group only. 42 Also, the best effect in the first group was on plantar fascia 13 and osteopenia. 43 In the second group, the best outcomes have been shown in Juvenile rheumatoid arthritis 42 and chronic back pain patients. 16 The studies that demonstrated positive effects of HILT on pain have some common features as follows: patients were monitored over a long period of time (up to 3 months); higher amounts of energy were used with the average power of 3 and 25 W; the patients most commonly did not use other interventions with laser therapy; and the PBM therapy pulsed for at least ten sessions. 39, 42, 43 HILT was more effective in the management of pain in patients with lumbar disc protrusion, 18 plantar fasciitis, 13 Children with Juvenile rheumatoid arthritis, 42 children with haemophilic arthropathy, 39 males with osteopenia orosteoporosis, 43 and low back pain. 32 Conversely, the studies which did not supporting a positive effect of HILT (low differences in ES) most commonly did not specify the amount of introduced energy or the simultaneous consumption of non-steroid anti-inflammatory drugs, so it was not possible to make a judgment on whether the energy parameters may have contributed to a suboptimal outcome. 34, 36, 41 The consumption of non-steroid anti-inflammatory drugs may be a confounding factor in evaluating the effects of laser therapy, as identified in some studies 13, 41 Some studies did not mention the effects of disease chronicity, despite the fact that this is a major factor in determining the amount of energy density and power output which is needed in the treatment protocol by laser therapy. 13, 18, [32] [33] [34] 36, 38, 41, 42 It seems that adding thermal and non-thermal agents to HILT may enhance the effects of laser therapy. 16, [38] [39] [40] 42 The Management of acute and chronic pain is based www.SID.ir on different mechanisms and it seems that we should apply more irradiance of laser therapy in chronic pain conditions. 50, 51 The treatment area of the scanner lasers is a major contributor to laser efficacy, indicated by some studies. 13, 18, 36, 39 Others just mentioned the probe size which is not as important as the treatment area. The etiology and diagnosis of the disease are important when using a laser. As an example, laser therapy cannot resolve the main sources of pain resulting from myofascial pain syndrome as the pain in these patients is caused by the development of the taut bands in the muscles. 34 The limitation of this study is related to the fact that musculoskeletal disorders are wide-range disorders and thus it is better to limit this systematic review to some topics such as low back pain, shoulder pain or knee osteoarthritis in future studies.
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Conclusion
Our results suggest that it is still early to determine if HILT may be an effective non-invasive agent in the management of musculoskeletal pain although there are indications that it may have benefits in some conditions depending on the treatment parameters. Adding related co-interventions to HILT may enhance the beneficial effects of laser therapy. It is clear from our findings that long-term, randomized controlled trials with an appropriate methodological design are needed to determine the effect of HILT on pain in a range of musculoskeletal conditions not covered by this review, or in some conditions that methodological matters made it difficult to evaluate the outcomes.
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